INTRODUCTION
Finite element analysis (1) has reached the stage where the execution of structural analysis is often considered routine. However, it required expensive hardware and software. However, the development of the micro-processor and associated finite element analysis programs solve this problem.
The personal computer system should stand alone, e.g. N88 DESK BASIC, and be almost maintenance free so that it can be used in individual lavoratories. The mediumsized structural problems should be solved within a reasonable time limit. In the present paper, a system developed by the authors is introduced. The basic program, named CORE, is an elastic analysis program of plane stress. It is extended to nonlinear stress analysis program by the addition of 2-continuous files. By these files, an operator can easily alter material data and simulate the fatigue behaviour of material in process of time, which is called cyclic creep, (Fig. 1, Fig. 2 ) on a CRT. Thus, this method is a CAE (2) in dental sphere. In the following, some detail of the personal computer system and the program combination of cyclic creep simulator are described with the example solution for PEEK* (a type of engineering plastics). Consequently, these files are chained closely and cyclic creep simulator is realized by this process.
RESULTS

OF SIMULATION
As a sample problem, inelastic behaviour of PEEK (3) is analyzed. This Poly Ether Ether Ketone was developed by ICI (Imperial Chemical Industries) of England in 1977. The chemical formula is displayed in Fig. 4 .
PEEK's behaviour in cyclic creep is simulated as shown in Fig. 5 , which is based on the standard of transverse-bending test of denture base materials in JIS or ADAS (4). It is shown in Fig. 6 .
The stress analysis specimen consists of 60 nodes, 90 triangle components. The Young's modulus, poisson's ratio are inputted. Additionally, the thickness of the test specimen is set to 10mm, number of loading cycles is 1300 and repeating load is 8.5kgf. By running this program, the authors get numerical results, 10.7mm of dislocation at the loading point, and graphical aspect of bending state of the half of test specimen (Fig.  7) and of stress distribution (Fig. 8) in colour display.
In this testing method, the authors assessed high performance denture materials with anti-bending-fatigue toughness. Next, the authors change the conditions of testing specimen.
The loading cycle was set to 500,000 because a human masticates about 500,000 times The results showed 16.5mm as the dislocation of loading point by bending the specimen. This finding indicates that PEEK has a suitable nature for denture base concerning anti-bending toughness.
DISCUSSION
This system is the first to use a 16 bit personal computer to simulate the behaviour of dental materials in the oral cavity. With such a simulation, the researchers can save time, money and energy recognizing the material's nature. And for user of dental materials, e.g., a dentist or a technician, it will be a useful tool for selecting materials.
PC9801, which is used in this simulating system, has an 8086 CPU and has a performance to execute this scaled FEM problem sufficiently. Consequently, the authors can obtain the results within 10 minutes including operating time. This is a permissible degree for individual laboratories or an academic environment. In the near future, the authors will provide a hard disk to increase the memory, an X/Y plotter, mouse and digitizer to improve utility. Concerning the software, the authors will adopt MS/DOS as OS and MS-FORTRAN as language processor to get generality and to use the many useful programs which have been developed by others.
This system applying CAE to the dental sphere has an ability to sufficiently analyze any medium-sized structure, not only with rectangular ones but also more complicated forms as a denture.
At present, this system is used to research denture base material, and we are testing several plastics. (5) Generally, computational experience with the models revealed that accurate results can be predicted with FEM technique only when correct interface assumptions are made. As for this program, the FEM technique is used to evaluate stresses and to estimate deformation of denture base materials.
The technique is also being used to predict the behaviour of denture base material in a clinical state to examine the material capacity. The results of this study have revealed the significant potential of the FEM technique as an aid to design dental prosthesis.
Besides, the authors intend to adopt several programs, e.g., modal analysis, vibration analysis, thermal conductivity, diffusion problem, life time and erosion. Consequently, this system should be extend for designing tool of dental prosthesis, as CAE, that is an aim of this study. The conception of this CAE is a systemized method in upper stream of designing, reaching to CAD/CAM, as explained in Fig. 9 . It consists of solid modeler and analysis tool mainly. (2) It was termed Cyclic creep by Shiratori & others (6) , because material's fatigue behaviour under repeated loading is similar to static creep. The lower schema in Fig. 1 displays the loading schedule that imitate wave pattern of mastication, assumed to be a rectangle form and the above schema displays continuous deformation change by repeated loading, especially the large black dot is maximum deformation of specimen in each loading time. index of anti-bending-toughness of denture materials. Accordingly, the cyclic creep tester, illustrated in Fig. 10 , is planned and manufactured by the authors. (5) The authors tested the PEEK using this method. This FEM technique as CAE in dental sphere demonstrates its potentiality in simulation of fatigue behaviour. This PEEK has phenylene radical in its main chain. Therefore, molecule chains are rigid, comparatively, crystallization temperature is high and its rate is low. For use, it is developed in computer parts, in aircraft parts and in peripheral parts of engine of automobiles as a substitute for metals.
In the simulation results, the PEEK revealed remarkable anti-bending-fatigue toughness, which is an important property for denture material. The authors consider that PEEK has high potentiality as denture plate material.
CONCLUSION
1) The authors demonstrate that FEM can be used with a 16 bit personal computer.
2) The authors made up CAE in dental sphere, using the FEM technique as the CORE
